
Lecture 4
System of Linear Equations
, Quadratics and Circles

➢ Solving a System of Linear Equations 

➢ Quadratics and Parabolas

➢ Methods of solving quadratic equations

• Quadratic Formula

➢ Circles



Solving a System of Linear Equations using Substitution Method

To solve a system of equations by substitution, solve one of the equations for 
a variable, for example 𝑥. Then replace that variable in the other equation 
with the terms you deemed equal and solve for the other variable, 𝑦. The 
solution to the system of equations is always an ordered pair 𝑥, 𝑦 .

Example: Solve the following system by substitution.
𝟐𝒙 −  𝟑𝒚 =  −𝟐
𝟒𝒙 +  𝒚 =  𝟐𝟒

Solving the second equation for y
y = −4x + 24

Plugging this in the first equation, and solve the value of x:





Graphically Solving a System of Linear Equations

Step 1: Plot both lines on the same graph.

Step 2: Find the point of intersection of the two lines.

Example: Find the solution to the following system of linear equations by graphing:

Line 1: Solve for the 𝑥-intercept by setting 𝑦 equal to 0 and solving

This gives us the coordinate point (5,0) as the x-intercept for Line 1.

Solve for the y-intercept by setting x equal to 0 and solving.

This gives us the coordinate point (0, 5) as the y-intercept for Line 1



Line 2: We can also solve the second equation to find the following 
coordinates 2, 0  and (0, −1)

Let's graph the two lines using the intercepts:

Therefore, the solution to the system of the linear 
equations is (𝟒, 𝟏) .



Types of Solutions:

• One intersection point: The system has one unique solution. Also called a 
consistent, independent system.

• Parallel lines: The lines never intersect, meaning the system has no 
solution. Also called an inconsistent system.

• Same line: The lines overlap completely, meaning the system has infinitely 
many solutions. Also called a consistent, dependent system 





Quadratics

• Quadratic expressions: A quadratic expression (in 𝑥) has general form:        

                                                      𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 

𝐸𝑥.  3𝑥2 − 16𝑥 + 36

𝐸𝑥. 
4

7
𝑥2 − 𝑥 + 5

… … … … … …



Parabolas

• Parabola is a curve in the plane that is result of any combinations 
of (positive or negative) dilations, rotations or translations of the 
curve 

𝒚 = 𝒂𝒙𝟐

Parent function

Facing upwards, a>0
Facing downwards, a<0



Parabola
• Consider the satellite dish. These structures 
have a parabolic shape, allowing the reflection 
and focus of radio waves (parabolic shape helps 
receive and transmit signals).



Graphing

           Form Vertex

𝑓 𝑥 = 𝑎(𝑥 − ℎ)2 + 𝑘 (ℎ, 𝑘) 

𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 (−
𝑏

2𝑎
, 𝑓(−

𝑏

2𝑎
)) 



Graphs of 𝑦 =  𝑎𝑥2 +  𝑏𝑥 +  𝑐 when 𝑎 is negativeGraphs of 𝑦 =  𝑎𝑥2  +  𝑏𝑥 +  𝑐 when 𝑎 is positive





𝑓 𝑥 = 𝑎(𝑥 − ℎ)2 + 𝑘

➢ 𝑎 ≠ 0, 𝑖𝑓 𝑎 𝑖𝑠 …  

▪ 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒: 𝑜𝑝𝑒𝑛𝑠 𝑢𝑝 ∪

▪  𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒: 𝑜𝑝𝑒𝑛𝑠 𝑑𝑜𝑤𝑛 ∩

➢ 𝑉𝑒𝑟𝑡𝑒𝑥 (ℎ, 𝑘) 

𝑦 = −3(𝑥 − 1)2 + 5

• 𝑎 = −3 − 𝑜𝑝𝑒𝑛𝑠 𝑑𝑜𝑤𝑛

• ℎ = 1

• 𝑘 = 5

• So, 𝑣𝑒𝑟𝑡𝑒𝑥 𝑖𝑠 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 (1,5)

𝑉𝑒𝑟𝑡𝑒𝑥

𝑥 𝑦

-1 -7

0 2

1 5

2 2

3 -7

𝑉𝑒𝑟𝑡𝑒𝑥



𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐



𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 𝑉𝑒𝑟𝑡𝑒𝑥: (−
𝑏

2𝑎
, 𝑓(−

𝑏

2𝑎
)) 

𝑦 = 2𝑥2 + 20𝑥 + 52 

• −
𝑏

2𝑎
= −

20

4
= −5

• 𝑓 −
𝑏

2𝑎
= (2 × −5)2 + 20 × −5 + 52 = 2

𝑥 𝑦

-7 10

-6 4

-5 2

-4 4

-3 10

𝑉𝑒𝑟𝑡𝑒𝑥



Problems

1) 𝑦 = 𝑥2 + 12𝑥 + 38

2) 𝑦 = 2𝑥2 − 16𝑥 + 30

3) 𝑦 = 2𝑥2 + 6𝑥

4) 𝑦 = −𝑥2 − 10𝑥 − 26







Example 2:  Solve the following equation

•
2

𝑥+1
−

2

𝑥+2
= 7

𝑐ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑑𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟, 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 

2×(𝑥+2)

(𝑥+1)(𝑥+2)
−

2× 𝑥+1

𝑥+1 𝑥+2
= 7 

2𝑥+4−2𝑥−2

(𝑥+1)(𝑥+2)
= 7 

2 = 7(𝑥 + 1)(𝑥 + 2)

2 = 7(𝑥2 + 3𝑥 + 2)

7𝑥2 + 21𝑥 + 14 = 2

7𝑥2 + 21𝑥 + 12 = 0

𝑎 = 7
b = 21 c = 12

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝐹𝑜𝑟𝑚𝑢𝑙𝑎:

𝑥 =
−21 ± 212 − 4 × 7 × 12

2 × 7

𝑥 =
−21 ± 105

14

𝐼𝑛 𝑜𝑟𝑑𝑒𝑟 𝑡𝑜 𝑠𝑜𝑙𝑣𝑒 𝑡ℎ𝑖𝑠 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠, 𝑤𝑒 ℎ𝑎𝑣𝑒 𝑡𝑜 
𝑔𝑒𝑡 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚 𝑜𝑓 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛: 𝑎𝑥2 + 𝑏𝑥 + 𝑐



Write each quadratic equation in standard form then solve them.



1) A right triangle has one leg that is 3 m shorter than the other 
leg. The triangle has area of 54 𝑚2. Find the lengths of the legs.

2) The hypotenuse of a right triangle is 3 in. longer than the 
longer leg. The shorter leg is 3 in. shorter than the longer leg. 
Find the lengths of the sides of the triangle.



Circle

• r - radius
Q (x, y)

P (a, b)

By Pythagoras:

𝑟2 = (𝑥 − 𝑎)2+(𝑦 − 𝑏)2

Equation of the circle





Circle-Line Intersection



Example: Find x and y  

𝑦1 = −
9 + 31

4
−

1

2
=

−11 − 31

4

𝑦2 = −
9 − 31

4
−

1

2
=

−11 + 31

4

𝑺𝒕𝒆𝒑 𝟏.  2𝑥 + 2𝑦 = −1

2𝑦 = −2𝑥 − 1

𝑦 = −𝑥 −
1

2
𝑺𝒕𝒆𝒑 𝟑. 𝐴𝑛𝑦 𝑚𝑒𝑡ℎ𝑜𝑑 𝑜𝑓 𝑠𝑜𝑙𝑣𝑖𝑛𝑔 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠:

𝑥 =
9 ± 81 − 50

4
=

9 ± 31

4
 (𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑜𝑟𝑚𝑢𝑙𝑎)

𝑥1 =
9 + 31

4

𝑥2 =
9 − 31

4

(𝑥 − 2)2+ (𝑦 + 3)2= 4
2𝑥 + 2𝑦 = −1 

𝒚 ⟺ 𝒙

(𝑥 − 2)2+(−𝑥 +
5

2
)2 = 4

𝑺𝒕𝒆𝒑 𝟐.  (𝑥 − 2)2+(𝑦 + 3)2= 4

(𝑥 − 2)2+(−𝑥 −
1

2
+ 3)2= 4

2𝑥2 − 9𝑥 +
25

4
= 0



𝑥 + 𝑦 = 1 

(𝑥 − 2)2+(𝑦 + 1)2= 8 

➢ At what points given equations’ graphs intersect?

𝑥2 + 𝑦2 = 9
𝑥 − 1 + 𝑦 = 2

➢ At what points does the line with equation 𝑦 = 2𝑥 + 5 intersect a 
circle with radius 2 and center (0, 5)?





Problem: −4𝑦 − 3𝑥 − 2 = 0 meets the circle 𝑥2 + 𝑦2 + 6𝑥 + 4𝑦 = 0 
in points A and B. Find the coordinates of A and B.
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